The Role of Calcium in Lymphocyte Activation by the lonophore A23187 and Phytohaemagglutinin EVA KONDOROSI and JOHN E. K A Y Biochemistry Laboratory, University of Sussex, Brighton BN I 9 QG, Sussex, U.K. The induction of D N A synthesis in cultured lymphocytes can be accomplished either by mitogenic lectins such as phytohaemagglutinin or by the bivalent-cation ionophore A23187 (Maino et a / . , 1974) . lonophore A23187 is thought to act primarily by increasing the rate of Caz+ transport across membranes, and acts as a mitogen only when the culture medium contains Caz+. Phytohaemagglutinin also increases the rate of uptake of 45Ca2+ by lymphocytes (Whitney & Sutherland, 1972) , suggesting that a n [I4C]Phenylalanine incorporation was determined in 1 ml cultures containing 2 x lo6 lymphocytes.
[14C]Phenylalanine (0.5 pCi/ml) was added at the sametime as the mitogens. 0 , Cultures incubated with phytohaemagglutinin (2 pg/ml); 0, cultures incubated with ionophore A23187 (0.5pg/ml); m, cultures incubated without mitogen. increase in the intracellular Ca2+ concentration could be the signal initiating the sequence of metabolic changes culminating in the induction of lymphocyte DNA synthesis. We have investigated this hypothesis by comparing the changes in total intracellular CaZ+ and in protein and nucleic acid metabolism after the addition of ionophore A23187 or phytohaemagglutinin to lymphocytes.
Lymphocytes used in the present experiments were purified from pig blood and maintained in culture as described by Kay et al. (1975) Preliminary experiments confirmed that ionophore A231 87 was able to initiate DNA synthesis in cultures of pig blood lymphocytes. The optimum concentration of ionophore A23187 was in the range 0.2-0.5pg/ml, and concentrations above the optimum were strongly inhibitory, owing to toxicity. The stimulation of C3H]thymidine incorporation into DNA was not more than one-third of that caused by phytohaemagglutinin, and often much less.
When the effects of ionophore A231 87 and phytohaemagglutinin on the early changes in the rates of incorporation of [3H]uridine into RNA and [14C]phenylalanine into protein were compared, the results obtained were much more consistent. Both mitogens Results shown are derived from at least seven separate experiments.
caused a rapid initial increase in the rate of incorportion of [3H]uridine within 1 h (Fig.   la) . In each case this initial increase was of short duration, and was due mainly to an increase in the rate of uptake of uridine by the cells. The early increases were followed by more sustained increases, beginning after 3 4 h . The kinetics of thechangeswereidentical with the two mitogens, and the stimulation due to ionophore A23187 was about twothirds of that caused by phytohaemagglutinin. Both mitogens also increased the rate of incorporation of ['4C]phenylalanine into protein, although ionophore A231 87 was only half as effective as phytohaemagglutinin (Fig. lb) .
However, when the effects of the two mitogens on the amounts of Ca2+ present in lymphocytes were compared, substantial differences were found. Ionophore A231 87 at 0,5,ug/ml caused a fourfold increase in lymphocyte CaZf within 1 h (Fig. 2) and higher concentrations led to even greater intracellular accumulation of Ca2+. In contrast, phytohaemagglutinin produced no significant increase in lymphocyte Ca2+ in the first 1.5 h, and caused only a slow accumulation thereafter. Even 6 h after its addition, the amount of Ca2+ present had reached only twice the initial value (Fig. 2) . The increase in lymphocyte Ca2+ after addition of phytohaemagglutinin was thus both smaller and much slower than that after addition of ionophore A23187, although the effects of the two mitogens on the other early parameters of activation studied were very similar. Concentrations of A231 87 which had similar effects to those of phytohaemagglutinin on lymphocyte Ca2+ were not mitogenic. This discrepancy suggests that if the increased uptake of Ca2+ is indeed a key part of the action of mitogenic lectins such as phytohaemagglutinin, then the effect is much more subtle than the general increase in Ca2+ permeability brought about by ionophore A231 87. Stimulation of adenylate cyclases isolated from mammalian sources by low concentrations of fluoride has been extensively documented (Jost & Rickenberg, 1971) . A relatively small stimulation (40 %) was later reported for another eukaryotic system, the cytoplasmic-membrane-located adenylate cyclase in baker's yeast, by using a low concentration of N a F ( IOmM, i.e. 0.04%) (Londesborough & Nurminen, 1972 ).
Here we demonstrate that NaF, especially at relatively high concentration, can indeed lift the glucose repression in growing or non-growing brewer's yeast. This effect in intact yeast is considered t o correlate with the direct action of cyclic A M P (from data that we now report for a range of concentrations) in lifting of glucose repression in brewer's-yeast protoplasts.
Succhuromyces cerecisiue (N.C.Y.C. 240) was grown at 30'C in a medium of pH about 5 , containing 1 % glucose/2% (w/v) peptone/l % yeast extract/0.5% NaCl for 24h (late-exponential phase). Batches of I g wet wt. were each transferred t o lOOml offresh medium with2%glucoseplus4% maltose, and grown for up to 24h, with or without NaF, followed by sampling of individual batches as indicated. Other yeast batches were suspended in non-growth medium containing only 2 % glucose plus 4% maltose in 0.66~-potassium phosphate buffer, pH 6.8. The yeast was disrupted by ultrasonication and a-glucosidase was assayed (in triplicate) by the p-nitrophenyl glucoside technique (Wiseman & Jones, 1971) . Protoplasts were prepared by using snail gut enzyme as reported previously (Wiseman & Lim, 1 9 7 4~) (see Fig. 2 below) . Fig. 1 shows the small effect of 0.04% N a F and much greater effect of 1 % NaF in lifting the glucose repression of a-glucosidase synthesis observed in the control experiment in non-growth medium. Some loss of a-glucosidase is seen in the control medium owing t o the essentially de-adaption conditions prevailing (Wiseman & Lim, 19746) .
Nevertheless, the repression is lifted only slowly, so that the enzyme activity is about 90% of that in the non-repressed system in induction medium (4% maltose plus 0.1 % glucose) after 12h, although there is only 67% after 4 h (but note that the basal value is about 50% of maximum). The dashed lines (Fig. 1) referring to growth medium look similar, but must be interpreted differently (see the review by Wiseman, 1975) , because of growth occurring in our medium with 0.04% but not 1 % NaF. Doubling of yeast weight occurred in 24h with 0.04% N a F and the control without fluoride. Under these conditions some production of enzyme has occurred in all threecases, about 10 units in the contol, 20 units in 0.04% NaF. but only 15units in 1 % NaF, where the
